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Allelopathic effects of foxtail millet straw extracts and
field mulching on four kinds of weeds
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Abstract In order to explore the allelopathic effects of foxtail millet straw extracts and field mulching on
Amaranthus retroflexus L. , Chenopodium album L. , Setaria viridis (L. ) Beauv, and Echinochloa crus—galli
(L. ) Beauv in foxtail millet field, five treatments of foxtail millet straw extract (W,, undiluted, 100 g/L; W,,
10 x dilution; W,, 50 X dilution; W5, 100 X dilution; CK,, distilled water control) were set up in the petri dish
experiment. The effects on seed germination rate, root length, bud length, germination rate allelopathic
index, root length allelopathic index, bud length allelopathic index and comprehensive allelopathic index of
four weeds were determined. In the field experiment, the straw (F) and plastic film (PF) mulching
treatments with the same shading amount were set up. The foxtail millet straw mulching amount were 2 000
(Fy), 4000 (F,, 8 000 kg/hm? (F,), and the shading amount were 50% (PF,), 70% (PF,), 100% (PF,),
with no straw mulching as the control (CK,) to determine the plant number, density, coverage and weed
control effect of four kinds of weeds in the field. The results showed that: Compared with CK,, the water
extract of foxtail millet straw had significant allelopathic effects on the germination rate, root length and bud
length of four kinds of weed seeds, and there were significant differences among different concentrations of
aqueous extract. The germination rate, root length and bud length of four weed seeds were all inhibited
under W, treatment. The inhibition effect on the germination of four kinds of weed seeds from strong to weak
was as follows: C. album (—0.86)>S. viridis (—0.84)>E. crus-galli(—0.51)>A. retroflexus (—0.44).
The allelopathic inhibition effect on the root length of A. retroflexus (—1.00) and the bud length of E. crus-
galli ¢ —0.84) was stronger. W, and W, dilution treatments showed allelopathic promotion effects on the
seed germination of four weeds, the allelopathic indexes from high to low was as follows: S. viridis (0. 19)>
A. retroflexus (0.16) >E. crus-galli (0.05)>C. album (0.02). W, treatment showed a weak allelopathic
effect on the seed germination of S. viridis, E. crus-galli and A. retroflexus. In the field experiment, the
density and total coverage of four weeds decreased gradually with the increase of straw mulching. F;
treatment still had significant allelopathic inhibition on the density of C. album, S. viridis and E. crus-galli
after 5 d of the third moderate rain, and the density three weeds respectively decreased by 61.66%,
63.67% and 86.68% compared with CK,. The total coverage of weeds after 5 d of three moderate rains
reached the lowest in F; treatment, and the total coverage of weeds respectively decreased by 24.23%,
33.73% and 13.56% compared with CK,. After 5 d of the first moderate rain, the control effects of F; and F,
treatments were higher than that of PF, and PF, treatments significantly. The concentration of soil
allelochemicals increased after the straw was leached by rainwater, and the allelopathic inhibition effect was
enhanced, which increased by 5.23% and 19.09%, respectively. The fresh weight control effect of F,
treatment reached the maximum value of 52. 45% after 5 d of the first moderate rain, and the plant control
effect reached the maximum value of 68. 75% after 5 d of the second moderate rain. With the extension of
straw mulching time and the increase of rainfall times, the allelopathic inhibition of straw on weed coverage

and density gradually weakened. In summary, the inhibitory effect of foxtail millet straw extract (100 g/L)
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treatment on seed germination, root length and bud length of four weeds was the most significant, and the

foxtail millet straw mulching amount of 8 000 kg / hm? (F,) can replace plastic film mulching for weed control

in millet field.

Keywords foxtail millet straw; straw mulching; water extract; weed control effect; allelopathy
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Fig. 5 Allelopathic index of seed germination rate of four
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Fig. 6 Allelopathic index of seed root length (a) and bud length (b) of four kinds of weeds under different concentration of foxtail
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weeds under different concentration of foxtail millet straw extract

x2 AEEZEXETI4NAHARENTE
Table 2 Four kinds weeds density under different foxtail millet straw mulching B /m?
Wi T 40 T b 3 2 1) 8 B iR S B
Rainfall frequency Treatment C. album S. viridis E. crus-galli A. retroflexus
F, 61.33+1.62a 24.0041.00 a 25.3342.33 ab 10.67£2.31 b
F, 48.004+2.00 b 21.334+1.62b 21.33+2.11 ab 4.00£1.00 ¢
e F, 26.67+2.11¢ 12.00£1.00d 16.00£4.00 b 2.67+1.62 ¢
5 LT R
. . PF, 41.334+2.86 ¢ 16.00£1.00 ¢ 16.00£4.00 b 2.67+1.62¢
First moderate rain
PF, 37.33+2.33d 14.6742.31 cd 21.33+2.11 ab 4.00£1.93 ¢
PFE, - - - -
CK, 65.33+3.07 a 26.67+2.11 a 26.67+2.31 a 12.00£4.00 a
F, 64.00+1.58 a 8.0041.00 ab 21.33+2.31 ab 12.00£2.00 a
F, 45.334+2.90 b 5.33£2.31b 12.00£1.00 b 1.33%+2. 31c
. F, 14.67+2.11d 5.33£2.11b 12.00£1.42 b -
2w
. PF, 29.33+1.24 ¢ 8.00+2.31 ab 18.67+2.31 ab 2.67+1.62¢
Second moderate rain
PF, 20.00£1.00d 6.674+1.00b 16.00=£1. 00 ab 1.33£2.31¢
PE,
CK, 65.33+8.33 a 10.67£6.11 a 26.67+2.31 a 4.00£0.00 b
F, 50.6742.03 b 12.00£4.00 ab 14.67+£1.14 b 1.33+0.31¢
F, 34.67+£1.04 ¢ 9.33£2.11b 10.67+£1.24 ¢ 1.33+0.31¢
F, 30.67+2.33 ¢ 5.33£2.31¢ 5.33+1.11d 1.33+0.31¢
ERR/ |
] . PF, 21.33+1.11d 9.33+£2.31b 13.33£2.86 b 2.67%+0.62b
Third moderate rain
PF, 20.00+2.93d 5.33+2.31¢ 10.67£1.33 ¢ 2.67+0.31b
PF, - -
CK, 80.0044.33 a 14.67+2.33 a 40.00+1.93 a 4.00+1.00 a

TE:F) F R F 4000k 47 7 H5 #F 8 35 5 2 0004 000.8 000 kg/hm®. PF, \PF, Fll PF, 43 5l 3 /5 IR Y6 % 5026 .70%6 100 % . “—" 3R
ANDR e B i, JE IR IORE o TR — BN [ AL 3R /N R R 28 S 1B 3 (P<20..05), T I
Note: F,, F, and F, are foxtail millet straw mulching amounts of 2 000, 4 000 and 8 000 kg/hm?, respectively; PF,, PF, and PF,

represent 50%, 70%, 100% shading by plastic film, respectively. “—"

means that no sample is found, so it can’t be sampled.

Different lowercase letters in the same column showed significant difference (P<C0.05). The same below.
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TR A A TR FT R AR I ) 2 0 4 2R R AR I A T 5 45

R 00 % BE AR T AN B R AF(CK L F b 5
CK, 22 53 A K B I 8OR A 2 0 Fo AL B X 32
A T A SR AT ) A R AR K R ROCR L S CKG A
Fb 24 3k B 22 5 8 2 K - (P<<0. 05) , % 4 J& & A A
BN ORI R 2 F b B X 4 F 2 54 K4k
JEAM AR 23, 5 CKOAH FE 22 Rk 31 g 3 K7, 3
H R G 1 A A A I e B . R R R
11 50% (PF )1 70 % (PF,) Wy B G R 35 5, 24 25 %5
JE R KRG, Horp By F, b B Y 22 Rt 2 A 2%
Y T PR CPFARBE(P<C0.05) . BHBE, 55 1k
HF 5 d 5 FoF, A0 B JE] 4 Fh 2% Bk A B 0 k2D ik
T R FE B 25 5 0 4 B 56 A

2P SdE . F R RA % R ERST
CK,(P<C0. 05, HoAth 3 2% Fo %% B IR T CK, , H 22
S HR B  (P<<0.05)  F, Fl Fy Y 4 Fh 2% 55 9% Ji 1
iK% T CK,, 2 Fh Ak B (%) 22 F0 AL 500 % 34 18 5 KT
CK, (P<C0.05) , H o F, 4b 3 1 (8] 22 1 %% B s 2>
70% LA L BB B2 50 % DA L. PF HIE]
AFR AL OB S T b BHR Lh R AR, R 0 %
FREAK 54, 17 % (P<<0.05) . Ik, fE5E 2R 5 d
Jei BB Al e B R A A 0 A RO T R AT 5 S
() ) B S 35 AL N . PF, I [A) 22 09 % B L F, [ AR
55.88% (P<C0.05) , iy B o B | i A il i) 2% 5 )
L, W2, Wk, L 2K PN S dE, F.RA T
il FF 47 B A0E 5 285007 R JE A5 e (] 0 ) T A R
PR OB Y KA B R AR D K T RS AT
T e 0 R B 5 AR

HIWHH S dJE,FOMEF, A2 BB A 6
B AT CK, MR RS CKAH % 22 7R
3 (P<<0.05), F,my%E 2 B % 5 43 51 Lk
CK, i /> 61.66% . 63.67% . 86.68% (P<<0.05) .
PF Fl PF, /2 R BRI B 5 F O F AH L34 %
1%, R0 i %5 B T Hoh PEOFI PR B FELL F
I F, P& 57.90% F142. 31 % (P<<0.05);F, 1%L
FEE B B E KT CKL.(P<C0. 05), fE4 31k
T 5 d 5, A TR AT i Ak AT 1 22 R
BOBE R KA WFE 2, HIL, A FRAFESLH
Ji Py B 5 A5 I A A s g e [ VR R R T4 B 4%
B S A B R S AN BE R R
P (1 ) 2 A7 3 S S
2.6 AFHHESITHNAESREEMNEM

w8 AT AT, AN [W) 45 1 AT 7 a5 Ak B 4l A%

(] CK,[ PF, [0 Pr N F I -, T

(o]
(=]

a
3

93
(=]
T

bb {a> abbC
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S
T
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5 /% Coverage value
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0 1
SR S KRR 5 KPR
First moderate rain  Second moderate rain Third moderate rain
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B8 AFHHARNEZEETHREREZEE
Fig. 8 Total weed coverage under different straw mulching

amounts of foxtail millet

P 2% 0 0 55 3 AR UG, L s P 7 5 o o 2% o L 56
BERBBW PR S, a2k PS5 dE L F
F, I Fa i 22 50 6 35 5 CK A 22 5 238 I 3% K
SF(P<<0.05) . 3R S5 dJE,Fy iy 4 Fl s 50 5%
JE 3 B AR, 5 CK, A B 2% 505 35 B 43 1) B G
24.23% .33.73% .13.56 % (P<C0.05) . 55 1K H
5dJE, F 4% 5 835 B L PR R IR 20. 89 % (P<<
0.05) ,F, My 4% B S 35 B 5 T PF,, 58 1IRP R 5 d
Jei o F O A 7 F FF 40 B3 26 2000 AN Ak SRy 3 [R]
] 7 A R A K F, 3 AR ORRS R B 35 L
N FFo B 28 B s FEAE S 2P R S d e ¥ T
PF, .PF,, H7E%E 3K 5 dJi ,Fyf F, 24 55 B 55
55 B e PF, Ml PF, FF &5 7. 13% 1 14.39% (P<<
0.05), 8 F\ F. 7255 2 R AR 3R 5 d Js 24K
RS FF 1 ) B S S5 AL N R Y A N SR L BH A
B T FF 7 35 O R) A AE K B R B O, A R
T O R I i, XoF % R 26 R I 5 % 3 A, A
T T
2.7 BFRENESTHILERH LN

H1 2% 3 AT, 24 BEAR AR fef o X Bl A T RS AT B A
et 30 S AN B 8 B, bR B B A 00
B b T R B TR BN, 4 R A
ficf 7 5 % VT 3 01 A A, PR 7 AL i EE B AN S A
FEACI S . FOES LIPS d 5 1 Bk B 205 31
R, R 44, 72% FESE 2 RN 5 d Y B R B R
B K, K 35.53% s FL7E45 1Y i 5 d J5 10 0k 97 42
KB R, A 58. 3806 TEER 2 KRR 5 d 11 i 5 By
ROR BN K, R 40.80% s FoAE 45 1P W 5 d Jm 1y fif
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Table 3 Weed control effect under different foxtail millet straw mulching

e T 431 I Ak 3 B E B B 3/ % fif ¥ /g it 5 By 280/ %%
Rainfall frequency Treatment Number Plant control effect Fresh weight Fresh weight control effect
F, 52.00 ¢ 44.72 ¢ 105.67 b 16.30 ¢
F, 74.67 b 58.38 b 104.33 b 17.30 ¢
. F, 46.67 d 64.51 a 59.33 e 52.45a
5 1R
. . PF, 77.33b 39.49d 70.00 ¢ 44.21 b
First moderate rain
PF, 76.00 b 39.29d 60.67 d 51.49 a
PF, - - - -
CK, 130.67 a - 125.67 a -
F, 86.67 b 17.29 ¢ 342.00 ¢ 35.53d
F, 82.67 b 20.87 ¢ 323.33d 40.80 ¢
. F, 32.00 e 68.75 ab 261.67 f 50.47 a
%2 . . .
. PF, 45.33d 64.46 b 363.00 b 32.38d
Second moderate rain
PF, 58.67 ¢ 71.22 a 299.00 e 44.40 b
PF, - - - -
CK, 105.33 a - 530.00 a -
F, 114.67 b 13.46 ¢ 819.00 b 8.24d
F, 101.33 ¢ 21.45d 769.67 ¢ 13.91 ¢
N F, 57.33d 56.16 ¢ 522.33 e 41.64 a
3T
. . PF, 44.00 e 64.46 b 800.67 b 10.92 cd
Third moderate rain
PF, 36.00 f 71.22 a 615.67 d 31.61b
PF, - - - -
CK, 134.67 a - 900. 33 a -

Rk B e K, R 52.45% 55 2k PR 5 d R B RR
B sk ik 2 e Kk, b 68.75% . 1R HWS5dJE,F,.
F, Fo 1y 4 Fp 2 B gk 45 L i & B0 F CK,, H AR B0
WFCK¥ERBE F A REEES CK, 271k
2K B R BR B 203 B 3 & T PFLUPFL.(P<<
0.05) ; F, Rk B2 B 8 B 2808 i T F L Fo, MR A
F, F A0 25 5 8.3 (P<<0. 05) , BE FH [ 4% 5 F, . F, 4
22 5 i 3 (P<<0. 05) , F4 (1 bR Bl 2% L 6% 3 B 43 51k
64.51% .52.45% . S5 2R 5 dJF , Fa il 4% 5 ik
B F AT CK,, H 22 5 W2 5 bR B 28 L fif 51 B 4%
¥ F FOM Fo FORLE, (19 8 B 303 8 % K F PF,.
PF.. 553U 5 dJF , Fa 42 AR 2L B 5 5 CK,
FH L 22 5 50 25 BRI 8 BE B A B E R T F L Fae

LA R S S Y e e T AR S A,
5 ) 7 A IR I A ) S5 X 408 S0 A 0 AR Al
sl AR T A A A ] R AR AR A A (Y

T 7 %2 2 Nl v Az K O T, AS TR) 32 AR 4 10 1
() SRR A7 7 25 5 AR T LA e B A —
P, HLAR AR 5 KR S R A O . AN TRIE
P 5 FF v Ak 5 X R [ 4 R R B R TR G 4k
JERAE R o Hua 250 8 5T FHAS [R) v 3 /K R A FF
JK R i Y A B S A, 26 B KR 4R R T L) B
2 A Y A K . George 25UV RIFSY & RS MG 7
A= 1 My A A 840 55 BE 195 3 1 2065 5 12, DT 5 i
T RZEMEERK . Gurmani 557 HF 58 BIHUR |
B JE A AN KRR I A 4R O 4 4 B PR AR/
FeRinl SR S R AL G R A A TN E R R
KEH. BEREEFREAR TR ZEFKER
P 3 b e w B A A AR AE L R R B
A B 4 7 P A B T R B O AR IR R VR T, 5 A
I B 5T 4% F 75 FF K IR 42 WA B 45 R — 3. AR
LR R, TR AR 32 IR (W ) Ab B 35 [ 1K
T AR AT R R R ORK ZERK RO R
IR R, 34 VR BE 1) 7 B AL B (W, WL L W) X
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AP BORD T & ZF 3R ARK ZER R R AR
HEVEFH o W kb B X 4 Fh 2% 7Rl T & 28 3 Ak S 1
HENEIEIEEIRE S )= ey N ey s 3 A
W HL W, X 4 Ffr 2% 5580 7 Ak 8% A 2F VE H i i 2 55
H M RF S A > R >3E A FRAIR $E
JEVR X 4 b 2 R T 1) 25 A B KN 2 I Ry 0 1 R
FH 7 BE WAL #1153 B R A2 A

FEAE W) F 2% B 22 1) A 76 A0 B AVE T fiE P Ak SR A
V) 7 354 O AR Bl oRE 22 G b i s R4S B0
AR 2% REAEAE W A K85 A 221 # A AS [l R B 1 &
A AR R R AR I S A A VR W 1 7 R YT T
S0 FE A AR 2 R 7 B P AR T AR BR
B B ] (9 fb 2 R 25 Bl BR R B0 R AR T P E Y
P2y M, X IR BT (075 G B SR DA 3 5T AR R
JICH Ak B ) T3 e 6% 0 ) 2 R A K L AR P R A
) A W S5 R 4 2 R R A T DA 2 o Ak 2 Bk R 5
AR A1) A B ARV Y S B B FTE 558
fE 1% (0 25 WA e T 2% 2% B R A= W i . Kosterna
RIAEACEAE T, 57 22 T 28 2 R 7 35 W e A Ak
05V 2T ARG 5 AR S R R e R AR
FE R BN Z2 A AT LA 000 i AR T 2% e £ BE AR A
AR il Ak 27 Bk R K AR IR Y s D o TR iR
S o 2 B G B RS P 35 AR A2 4R T 4 Rk A A
B, (RO PR B . b B % e D+ 4
K78 K Bk R IR E LA B A R
KEERS S W& FF 5058 kPR 6 b i e %
A B 2R B S A BN SR R R 2 L B
R ST oY e B DR (0 T A b BB 25 T A T
(10 348 7= s SR A 8, R B R B S . AR R 4 2R
RS AR SR A WS, AR P B 55 AN B AR A
FHTR 6 4 b % 2R 1 10 i & S KRB B — @ 1)
TR W 380 55 0 S B BN T TR AT
() 2% B9 BE , AT R 5 B 0 b IS 30 O SR i Rl R
ZEA K T Hl & AR A RK AT
Z R ST — S . AWFIE 4 R AL
2 i R 55 I R T B R 0 B 0 B 2 T R
o B, 2 B BRI L feE SR M R R R A BR B
AL R [ AN S R T L T R A, 2 R B R T R
WL, TR T FF (8 000 kg/hm?) 78 7 i H i 2%
AR o Bl A R R T e R] A RE K RN B
BT, 6T A% 56 BRI B 5 ) % 0 I, 3% I RS
T X 2% 11 T AR R 555

TR A A TR FT R AR I ) 2 0 4 2R R AR I A T 5 47
4 &

AN TRV B ) 4 T A5 FF IR R TR 6T 4 R 2 BRI
REFEFR REK FREA VR MEEN, & F R
KR B E IR (100 g/ L)X 4 Fl 4 B Fp 1 19 5 & 5
A K HL A AL A AR B R VRN 4 Fh J% BE b
M & 5 KRB LA A . A T RS AT
T4 i 7 o5 10 BN X 4 2 R B 5L BT 04 B R
S, Ml O T L B B A A RO kAR H 2 3 Rt
Y. B, 8 000 kg/hm* 45 1 5 AT 7 55 16 M Al ]
T4 W B bR 2 5
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